In this paper the near surface and tropospheric temperature trends are compared on the territory of Vojvodina were investigated, on the basis of four sets of data from ground-based and satellite observation, for the period 1979-2005. The trend analysis has shown that there is no amplification of trend of air temperature increase with altitude. On the basis of our calculations, we obtained the results that the air temperature increase in Vojvodina, approximately 1.5 times higher in the near-surface layer, compared to lower and middle layers of troposphere. This shows flat or decreasing amplification with altitude, in contrary to some models.
Introduction
The problem of global air temperature changes has been the priority issue of scientists and professionals in the field. Significant number of papers has been written with various solution proposals to the problem (Mears et al., 2003; Vinnikov, Grody, 2003; Christy, Norris, 2004; Vinnikov et al., 2006; Radovanović et al., 2006) . Intergovernmental Panel on Climate Change (IPCC, 2007) supports the notion that the major cause of air temperature increase in the late 20th century is the anthropogenic factor, i.e. the increase of CO2 concentration in the atmosphere (http://ipcc-wg1.ucar.edu/ wg1/wg1-report.html).
On the other hand, some authors argue the domination of natural factors in contemporary variability of the climate system. For example, Robock emphasises that "the research on the prospective influence of human-induced greenhouse effect needs to be interrelated with the study of external natural climatic factors (volcanic eruptions, changes in the solar activity), which stay constant, as well as internal dynamics of the climate system" (Robock, 2002) .
Data and methodology
For the analysis of air temperature changes on the territory of Vojvodina, the temperature data series for the period 1979-2005 from the network of meteorological stations (Palić, Sombor, Rimski Šančevi, Kikinda, Zrenjanin, Vršac, Sremska Mitrovica) (figure 1), were collected to be compared with the satellite measurements. Shown values of annual mean temperatures for seven meteorological stations were taken from Meteorological yearbooks of Republic Hydrometeorological Service of Serbia and Hydrometeorological Service of the Province of Vojvodina. However, inhomogeneity of data at meteorological stations in Serbia was detected (Smailagić and Jovanović, 1992) , which demanded the data homogenization procedure first.
Homogeneity of mean annual air temperatures, measured at those 7 meteorological stations on the territory of Vojvodina, was tested by Alexandersson's test for shifts (Alexandersson, 1986 ). The test is based upon the assumption that the difference between temperature series at a candidate station (the one being tested) and the reference series is fairly constant in time. During the temperature series testing, the variations between candidate and reference station were used. Simultaneously, instead of the values obtained from meteorological stations, the successive increments of the data were used for calculations of square correlation coefficient (ΔT=T i+1 -T i ), with the aim of minimizing the risk of making poor estimates of correlations between the candidate and reference temperature series because of the existing inhomogeneities (Peterson and Easter-ling, 1994) . Between 2 and 5 stations were used for reference series. Correlation coefficient was above 0.9 in all cases.
During the testing process of mean annual temperature series, the results showed that at 6 meteorological stations the temperature series were homogenous. The homogeneity break point which exceeds the minimum threshold level of importance α=0.05 (the value is 7.643) (Khaliq and Ouarda, 2007) , was recorded at Rimski Šančevi station, and the break point year was 1990. After performing series of several homogeneity adjustments (Moberg and Alexandersson, 1997) , the mean annual air temperatures at Rimski Šančevi station were homogenised.
Mean value for homogenised series at all seven meteorological stations (MSV) was used in the analysis of contemporary air temperature changes on the territory of Vojvodina.
Besides this set of data, the air temperature series were also analysed from GHCN3 and HadCRUT34. The data obtained from GHCN are the result of ground-based meteorological observations around the world, comprising also the observations from this area. The data are available (http:// www.co2science.org/scripts/CO2ScienceB2C/data/temper-atures/ghcn.jsp) for the period since 1880 as grids 5ºx5º latitude and longitude. It is essential to this point to remark that the distribution of meteorological stations over a grid square varies; however, it can be eliminated by certain statistical tools. Thus, their comparison is enabled.
HadCRUT3 is a network of data from ground-based instrumental measurements which are expressed as temperature anomalies from mean values. The data are available (http://www.co2science.org/scripts/CO2ScienceB2C/data/ temperatures/hadley.jsp) in the form of mean annual values for the period since 1880 and organized in grids 5ºx5º. This database is the result of cooperation between Met Office Hadley Centre and Climatic Research Unit at the University of East Anglia.
Ground-based measurements demonstrate objective deficiencies. First, the measurements cover only certain spots of the areas, the spots where meteorological stations are situated, but not the research area. Second, frequently at those "spots" the phenomenon of urban heat island occurs, which is significantly warmer than its surroundings. Thus, the fake illustration of higher temperature values for the broader area is formed.
With regards to objective deficiencies of ground-based measurements which further reflect in the temperature (2008) trend, we have decided to include the series from satellite observations. Despite the relatively short period of measurements, satellite data offer reliable values deprived of local influences (e.g. urban heat island).
The data from satellite observations for the period between 1979 and 2005 were used in the research. Satellite data obtained from NASA were processed at the University of Alabama in Huntsville(UAHMSU)(http://www.co2science.org/scripts/CO2ScienceB2C/data/temperatures/ msu.jsp). Opposite to the ground-based observations data at GHCN, these data refer to the 8 km thick bottom layer of the atmosphere. As far as the covered area is concerned, these data are global and available in the form of grids 2.5ºx2.5º latitude and longitude. The time framework for the data is set to the beginning of satellite observations in 1979 (Christy et al., 2000) .
Additionally, there are Remote Sensing Systems (RSS) the network of satellite data in Santa Rosa, California. These data are available as a geographical belt (from -70ºS to 82.5ºN), unfortunately not in the form of grids, therefore they were not used in the calculations of regional trends. Our calculated correlation coefficient for those two sets of satellite data (UAHMSU and RSS) for the belt 70ºS to 82.5ºN, for the series 1979-2005, had the values of 0.98, indicating the high correspondence of the two series. However, there is the difference between the values of linear trend which is the result of data processing dissimilarity. Concerning the fact that GHCN, MSU and HadCRUT3 are given as anomalies with reference to period from 1979 up to 1998, MSV data are also averaged using the same period.
Methodologically, the commonly mathematical-statistical methods (trend analysis, correlation coefficient, standard deviation) were used in the paper.
Results and discussion
Parallel data for different networks and satellite measurements were given in the Table 1 . According to the resolution of available data, the coordinates 15-25ºE and 45-50ºN were chosen, within which the larger portion of Vojvodina is situated. High resolution of satellite data enabled the observation of grid at 2.5ºx2.5º, i.e. in this case coordinates 17.5-22.5ºE and 45-47.5ºN.
Correlation coefficient (R) between HadCRUT3 and GHCN for the period 1979-2005 is 0.99. Homogenised ground-based air temperature series for Vojvodina (MSV) show the same correlation coefficient of 0.98 for both Had-CRUT3 and GHCN. Firstly, it indicates that there is no major discrepancy between HadCRUT3 and GHCN. On the other hand, it justifies the procedure of data homogenisation for Vojvodina. In spite of some remained quality problems the used time series are suitable for examining climatic variability. In case of near surface data the very high correlations is a strong evidence for that.
However, correlation coefficients between ground and satellite measurements are relatively low. Thus, R between MSV and satellite data of high resolution 17.5-22.5ºE and 45-47.5ºN is 0.21, whereas similar values of R are calculated between HadCRUT3 (0.16) and GHCN (0.20) with satellite data. Such value discrepancies of R could be explained by the fact that air temperature data refer to different altitudes. Ground measurements record the air temperature at 2 m height, whereas satellite data refer to the first 8 km layer of troposphere. It is important to add that Johanson and Fu (2006) have estimated the maximal error of calculated trends to be 0.01°K/decade. Also, the physical relevance of estimated linear trends is affected by natural noise and low frequency changes (Mills, 2006) . This corruption is the highest when the time series are short, as in our case.
All three groups of ground-based measurements record minimum values in 1980, with the highest deviation recorded by MSV (-1.21ºС) . Similarly, all ground measurements record maximum values for 2000, but the deviations are smaller, ranging from 1.73ºС for GHCN to 1.99ºС for MSV.
Satellite measurements for both resolutions recorded the largest negative deviation in 1982 (-1.05ºС for 15-25ºE and 45-50ºN, -1.12ºС for 17.5-22.5ºE and 45-47.5ºN). Maximum deviation was recorded in 1987 (ranging from 1.14ºС from the first network to 1.05ºС for the second).
Comparative analysis of linear trend values has shown the highest increase within MSV (0.0427ºС annually) (Figure 2) . Slightly smaller values were observed within trends for GHCN (0.0384ºС annually) and HadCRUT3 (0.0398ºС annually). Explicitly, all three values of the ground-based measurements trend are approximately similar and comparable. Compared to air temperature trends in Europe5 (annually GHCN 0.039ºС and HadCRUT3 0.040ºС), the air temperature changes in Vojvodina are similar. However, the changes are higher than the global ones (annually GHCN 0.026ºС and HadCRUT3 0.020ºС). Relatively fast warming in Vojvodina can be a sign of sensitivity demonstrated by GCM scenarios (Tebaldi et al., 2005) .
The data on the linear trend for the first layer of troposphere at altitude of 8 km based on satellite observations show lower values compared to data of ground observations. Thus, the trend of satellite data of low resolution is 0.0275ºС annually, whereas the one for the high resolution (17.5-22.5ºE and 45-47.5ºN) is 0.0288ºС annually. Both values are indisputably lower compared to those obtained by ground measurements in all three networks. Compared to the data for Europe (0.030ºС), the linear trend of air temperature changes in Vojvodina is slightly smaller. Considering the global level, the satellite data indicate a minor change (0.013ºС). It is also essential to remark that all calculated values of the linear trend of air temperature statistically significant with 0.05 -0.025 risk of first type error in hypothesis testing.
Apparently, there is a discrepancy in the trend of air temperature increase between the satellite and ground measurements. The discrepancy was higher prior to the corrections being made. Those corrections have been done 2005 due to methodological processing (Maers and Wentz, 2005) . Explicitly, UAHMSU measurements recorded lower values of global temperature trend up to 2005 (0.07ºС). After the corrections had been made in data processing, the discrepancy was lowered, but remained noticeable. Moreover, there were discrepancies between the satellite data themselves, i.e. their processing. On the basis of RSS data for the period 1979-2005, the trend value6 was 0.19ºС per a decade (http://www.ssmi.com/ Vladan Ducić, Stevan Savić, Jelena Luković msu/msu_data_description.html#msu_decadal_trends), whereas UAHMSU data show the value of 0.13ºС per decade (http://vortex.nsstc.uah.edu/data/msu/t2lt/uahncdc.lt). The researchers render dissimilar explanations of the divergence between satellite and ground measurements, which could be classified into three groups. The first group would comprise the errors in the measurement procedure; the second group would refer to various impacts of natural and anthropogenic factors on temperature at certain altitudes; and the third group would be base on the divergence in spatial distribution of observations (Santer et al., 2000) . However, the divergences are inevitable reality (Douglass et al., 2004b) . On the other hand, the analysis of radio sonde data in lower and middle layers of troposphere match the UAHMSU data, which supports the statement on the data reliability (http:// www.marshall.org/pdf/materials/415.pdf).
Considering the analysed data in the previous section, we attempted to test out whether the divergence in the trends possibly highlights the potential causes of climate change? The scientific papers list that under the dominating conditions of anthropogenic greenhouse effect; higher increase of air temperature should be expected in middle and lower layers of troposphere than in the near-surface layer (Santer et al., 2000; NRC, 2000; NAS, 2001 ; IPCC -http://ipcc-wg1. ucar.edu/wg1/wg1-report.html). The estimations stress the fact that the increase should be 1.2 to 1.5 times higher, depending on the latitude and applied model.
The data analysis of yearly trend divergence in air temperature between satellite data for grid 45-47.5ºN 17.5-22.5ºE and MSV (Figure 3 ) has shown the decreasing trend.
It complies with the fact that the increase trend of air temperature in lower layer is higher. The largest negative deviations were recorded in the last quarter of the observed period (2000 and 2002) . The obtained results do not contribute to the hypothesis about altitude amplification of the increase trend of air temperature. Conversely, on the basis of our calculations, (2000) found for the satellite era (since 1979) 'apparently conflicting surface and tropospheric temperature trends' that could not be reconciled, with the Earth's surface warming faster than the lower troposphere. The panel concluded, after considering possible systematic errors that 'substantial disparity remains.' From a study of several independent observational datasets (Douglass et al., 2004b) confirmed that the disparity was real and arose mostly in the tropical zone. Also, Douglass et al. (2004a) showed that three state-of-the-art General Circulation Models (GCMs) predicted a temperature trend that increased with altitude, reaching a maximum ratio to the surface trend ('amplification' factor R) as much as 1.5-2.0 at a pressure (altitude) about 200-400 hPa. This was in disagreement with observations, which showed flat or decreasing amplification factors with altitude.
Also the global data contribute to the conclusion. Namely, in the observed period, similar results are obtained. The trend value for ground-based measurements at GHCN is 0.026ºС annually, whereas the trend value obtained at Had-CRUT3 is 0.020ºС annually. Both values are higher than the satellite obtained trend value for air temperature, which are 0.013ºС and 0.019ºС at UAHMSU and RSS, respectively.
Conclusion
The data on air temperature measurements within different observation networks over the territory of Vojvodina were processed in this paper. The first set comprises ground measurements within the global data network (GHCN and 1993 1995 1985 1987 1989 1979 1981 1983 HadCRUT3) and at 7 meteorological stations in Vojvodina, for which homogenization was performed by Alexandersson's test. The second set of data comprises satellite observations in two resolutions. The analysis of the data has shown the discrepancy in air temperature trend between ground and satellite measurements. Explicitly, the air temperature increase at the nearsurface layer has shown higher values (GHCN 0.0384ºС annually, HadCRUT3 0.0398ºС annually, homogenised data for Vojvodina -MSV 0.0425ºС annually) compared to satellite observations (UAHMSU from 0.0275ºС to 0.0288ºС annually).
With reference to written resources it may be concluded that the variations in the air temperature trend between measurements made at lower and middle layers of troposphere and those made in the near-surface layer stand for physical reality. Besides, MSV data and satellite data may be considered reliable.
The obtained results show the lack of amplification in the increasing trend of air temperature both in Vojvodina and global one, for the period from 1979 to 2005.
